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Objectives: More traditional outcome measures following lower limb bypass procedures are poor
predictors of functional outcome. This paper aimed to review the effect of infrainguinal bypass surgery
on residential and mobility status in patients with critical limb ischaemia.
Design: Review.
Methods: A Medline search up until April 2011 was undertaken of all studies involving patients with CLI
undergoing ILLB and PTA. Studies were reviewed if they addressed the ambulatory/residential status of
the patients pre- and post-operatively. Ambulatory status was deﬁned as the ability to walk even with
the help of a stick/frames. Independent residential status was deﬁned as living at home with no help.
Results: A total of 10 studies on IILB were deemed suitable for inclusion in the review, reporting 3381
patients (2064 men). Median age ranged from 66 years to 84 years. Thirty day mortality ranged from 0%
to 6.3%. Follow-up ranged from 30 days to 1 year. Three studies noted an improvement in ambulation
status. No study reported any improvement in residential status after ILLB. Only one study reported on
speciﬁc improvements in ambulatory status in patients with CLI after PTA.
Conclusions: ILLB for patients with CLI is not without risk. Patients are not as independent or mobile
following surgery. Further studies need to ﬁrstly identify the cause(s) of this and to determine optimal
methods to return more patients to independence. Furthermore, CLI studies need to routinely report data
on functionality.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Critical limb ischaemia (CLI) is a limb threatening condition
whose prevalence has been estimated at 20 000 cases per year with
an annual incidence of 40 per 100 000 population.1 The diabetic
epidemic and increasing age of the population mean that these
numbers are bound to increase and as such present society with
a likely increased social and ﬁnancial burden. Over recent years
there has been a signiﬁcant increase in the use of aggressive
endovascular techniques to treat patients with critical limb
ischaemia with variable results.2,3 However, the role of traditional
lower limb bypass still remains the gold standard and has been
shown to beneﬁt patients in the longer term.4 For decades,
surgeons and interventionalists have been ﬁxated with outcomes
such as patency rates. Such outcomes have, however, been found to
be a poor predictor of functional outcomes and patients are more
likely to be concerned as to whether they are alive, pain free, withtions on this paper, please go
: þ44 113 2460098.
n).
ciety for Vascular Surgery. Publishall ulcers healed and have a functional leg which allows them to
continue walking and maintain independent living. These outcome
measures are becoming increasingly reported and this review aims
to summarise relevant studies to assess the effect of lower limb
surgical revascularization and percutaneous transluminal angio-
plasty (PTA) in patients with critical limb ischaemia on such func-
tional outcomes.Methods and Materials
Two electronic searches were undertaken using PUBMED to
search the MEDLINE database from January 1970 to April 2011.
Search one employed the terms “critical limb ischaemia” (CLI) and
“lower limb bypass” which was combined with each of the
following terms “ambulatory status”, “walking ability”, “residential
status”, “living status” and “functional outcome”. Search two
employed the terms “critical limb ischaemia” and “lower limb AND
angioplasty” again combined with each of the following terms
“ambulatory status”, “walking ability”, “residential status”, “living
status” and “functional outcome”. Abstracts of the citations iden-
tiﬁed by the search were then scrutinized by the both authors to
determine eligibility for inclusion in the analysis (Fig. 1a & b).ed by Elsevier Ltd. All rights reserved.
Figure 1. Flow charts illustrating the process of inclusion and exclusion of studies in the review for (a) lower limb infrainguinal bypass and (b) infrainguinal percutaneous
transluminal angioplasty.
K.E. Rollins, P.A. Coughlin / European Journal of Vascular and Endovascular Surgery 43 (2012) 420e425 421
Table 1
Demographics and treatment modality for 3563 patients from 12 studies who underwent ILLB for CLI.
Author Year N Male Age Indication for ILLB Surgical Interventions Target Outﬂow Vessel 30 Day Mortality (%)
Rest Pain Ulceration Popliteal Tibial Pedal
Nehler6 1993 88 47 84 37 53 95 37 44 0 6
Abou-Zamzam7 1997 513 270 66.6 229 284 513 210 265 30 2.7
Pomposelli8 1998 228 100 83.6 99 149 299 58 150 91 2
Nicoloff9 1998 112 63 66 30 66 112 46 56 10 6.3
Luther10 1998 66 27 75 29 37 57 13 21 8 8
Landry11 2003 137 71 66.3 53 66 165 56 75 5 *
Chung12 2006 334 254 68 159 250 409 157 235 17 1.2
Taylor13 2007 331 204 66.8 0 198 331 99 112 85 *
Goodney14 2009 1375 894 * 990 990 1458 798 412 138 4
Ballota15 2010 197 134 82.8 37 164 201 9 114 78 0
Total 3381 2064 1663 2257 3640 1483 1484 462
* Data not included within paper. Claud: intermittent claudication. PTA: Percutaneous Transluminal Angioplasty. ILLB: Infrainnguinal lower limb bypass.
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infrainguinal lower limb bypass (ILLB) procedures or percutaneous
transluminal angioplasty (PTA) for critical limb ischaemia, were
assessed for ambulatory and residential status which was reported
prospectively both prior to and after intervention, were appropri-
ately peer-reviewed studies within the public domain and were
written in English. Studies were included if more than 90% of the
patient cohort had critical limb ischaemia. One further study re-
ported an equal mix of angioplasty and surgical revascularization
and is reported separately.5 Further references were sought
through review of the bibliographies of selected articles to identify
any articles missed by the searches.
The primary outcome measure was post-operative ambulatory
and residential status. Ambulatory status was deﬁned as ability to
walk even with the help of a stick or frame and non-ambulatory
which was deﬁned as an inability to walk. Residential status was
deﬁned as independent (lives at home with no help), semi-
independent (lives at home but requires help) or dependent
(lives in a residential or nursing home). Thirty day mortality rate
was presented where available. A small number of studies detailed
the exact ﬂow and crossover of patients with regards to both
ambulatory and residential status prior to and after revascularisa-
tion (either IILB or PTA). These were analysed further to determine
in more depth what happens to individual patient with severe limb
ischaemia. All studies were reviewed for signiﬁcant predictors of
post-operative outcome with regard to pre-operative ambulatory
and residential status. Furthermore, all studies were also reviewed
for signiﬁcant pre-operative predictors for post-operative ambu-
latory and residential status.Table 2
Functional status pre- and post-operatively as classiﬁed by ambulation and residential s
Author Pre-operatively
Mobility Residential Status
Ambulatory Non-
ambulatory
Independent Semi Indep Dependent
Nehler6 71 (81%) 17 (19%) 52 (59%) 19 (22%) 17 (19%)
Abou-Zamzam7 467 (91%) 46 (9%) 472 (92.4%) * 39 (7.6%)
Pomposelli8 210 (92%) 18 (8%) 67 (29.4%) 151 (66.2%) 10 (4.4%)
Nicoloff9 103 (92%) 9 (8%) 99 (88%) 10 (9%) 3 (3%)
Luther10 59 (89%) 7 (11%) 54 (82%) 1 (2%) 11 (17%)
Landry11 134 (97.8%) 3 (2.2%) 121 (88.3%) 5 (3.6%) 11 (8%)
Chung12 304 (91%) 30 (9%) 321 (96%) * *
Taylor13 268 (81%) 63 (19%) 321 (97%) * *
Goodney14 1279 (93%) 96 (7%) 1320 (96%) * 55 (4%)
Ballota15 181 (91.9%) 16 (8.1%) 176 (89.3%) 15 (7.7%) 6 (3%)
* Data not included within paper. Semi Indep: Semi-Independent.Results
Infrainguinal lower limb bypass
Demographics
A total of 10 studies were deemed suitable for inclusion in the
review, reporting 3381 patients who underwent ILLB for CLI, the
demographics for individual studies are detailed in Table 1.5e14 This
included 2064 men with a median age range from 66 years to 84
years. The commonest indication for ILLB in this cohort was ulcer-
ation or tissue loss (n¼ 2157) followed by rest pain (n¼ 1663), with
a number of patients being documented as having more than one
symptom. One paper also included patients with an acutely
ischaemic lower limb (n¼ 44).8 Amongst the 3381 patients included
in the review therewere 3640 surgical procedures with the outﬂow
target including 1482 procedures to the popliteal vessel, 1484 to the
tibial vessels, and 462 to the pedal vessels. Thirty day mortality
ranged from 0 to 6.3%. Follow-up ranged from 1 to 12 months.
Ambulatory status
Of the 3381 patients analysed in this review, 3076 (91%) were
ambulatory prior to the onset of symptoms that necessitated the
ILLB (Table 2). At follow-up, this had fallen to 2848 ambulatory
patients (77.9% e Table 2). Three studies noted an improvement in
ambulation status at follow-up as determined by an increased
number of patients who were ambulant post-operatively.6,13,15 Pre-
operative ambulatory status was found to predict not only post-
operative ambulatory status but return to independent residential
status. Pre-operative non-ambulatory status was found totatus.
Time at
Follow-up
(Months)
Post-operatively
Mobility Residential Status
Ambulatory Non-
ambulatory
Independent Semi Indep Dependent
12 73 (88%) 10 (12%) 49 (56%) 22 (25%) 15 (17%)
6 408 (79.5%) 35 (6.8%) 413 (80.5%) * 30 (5.8%)
12 209 (92%) 19 (8%) 56 (24.6%) 149 (65.3%) 23 (10.3%)
6 90 (80%) 15 (14%) 65 (58%) 23 (21%) 17 (15%)
12 38 (58%) 28 (42%) 35 (53%) 11 (17%) 7 (11%)
2 134 (97.8) 3 (2.2%) 112 (88.3%) 10 (7.3%) 15 (10.9%)
12 240 (72%) 94 (28%) 301 (90%) * *
12 287 (86.7%) 44 (13.3%) * * *
12 1031 (75%) 124 (9%) 1086 (79%) * 41 (3%)
1 184 (93%) 13 (7%) 137 (69.5%) 38 (19.3%) 22 (11.2%)
Table 4
Pre-operative factors that predict post-operative ambulatory and residential status.
Pre-operative Factor
Post-operative
status
Ambulatory
status
Ambulant  Forefoot Limited Necrosis12
 Graft Patency12,14
 Absence of Tissue Loss15
Non-ambulant  Diabetes14,16
 Amputation7
 Loss of Primary Patency7
 Tissue Loss7
 Women14
 Older Age14
 Heart Failure14
 High BMI16
Residential
status
Independent
dependent  Longer Duration of
Symptoms Prior to
Presentation12
 Age > 80 years7
 Tissue Loss7
Table 3
Post-operative outcomes following IILB as predicted by pre-operative ambulatory and residential status. Ambulatory and residential status pre-operatively predicted post-
operative ambulatory and residential status.7,8,14,15
Pre-operative status
Ambulatory status Residential status
Ambulant Non-ambulant Independent Dependent
Post-operative outcome Independent residential status7 Mortality within 6 months and within 6 years7,16 Mortality within 6 months7
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post-operative period (Table 3). Absence or limited foot necrosis,
younger patients and long term graft patency predicted ambulation
in the post-operative period. Diabetes, female sex and higher body
mass index were predictors of non-ambulation in the post-
operative period (Table 4).
Residential status
Pre-operatively 3003 patients were living independently
(82.2%), 201 were semi-independent and 152 were dependent
(Table 1). At follow-up 2254 patients were living independently
(66.5%), 253 were semi-independent and 170 were dependent. No
details regarding residential status were given in 2 papers pre-
operatively and 3 papers post-operatively (Table 2). Furthermore
only details of whether the patient was independent or not were
given in 4 papers pre-operatively and 3 papers post-operatively. No
papers noted an improvement in residential status following ILLB.
Pre-operative residential status be it independent or dependent
was a signiﬁcant predictor for post-operative residential status
(Table 3). Pre-operative dependent living status was found to be
a signiﬁcant predictor for mid-term mortality (Table 3). Pre-
operative predictors for post-operative dependent residential
status included longer duration of CLI symptoms, older age and
tissue loss as opposed to rest pain (Table 4).
Percutaneous transluminal angioplasty
Only one paper met the inclusion/exclusion criteria regarding
the effect of PTA (Table 5). This paper addressed the effect ofTable 5
Demographics and ambulatory status following PTA.
Author Year N Male Median Age Angioplasty Time at Follow-up (Month
Taylor16 2005 122 73 84.4 65 12revascularization on functional status in patients with critical limb
ischaemia of age 80 years or over. This paper showed that of their
cohort of 122 patients, 65 were treated with PTA. Of these, 57 were
able to ambulate and 8 were non-ambulatory. At one year post PTA,
82.7% of this patient group had maintained ambulation. Although
no pre-operative data was given, 84.5% of this cohort of patients
undergoing PTA maintained independent living at one year post
procedure.
A further paper by Flu et al. looked at pre- and post-operative
ambulatory status in a cohort of patient with CLI undergoing IILB
(n ¼ 67) and PTA (n ¼ 39; Table 6). They had an overall 30 day
mortality rate of 16% with 3 year follow-up data. In their overall
cohort there was a slight increase in the number of patients
ambulating from 42 to 46 three years following intervention
(Table 6).
Four studies gave sufﬁcient detail to allow us to examine patient
speciﬁc crossover between both ambulatory and residential
status.5,8,9,15 Thirteen percent of patients who were initially
ambulant became non-ambulant after surgery and 26% non-
ambulant patients became ambulant after surgery (Table 7).
However, only 20 patients gained an improvement in their resi-
dential status (Table 8) and 43 patients became dependent after
ILLB surgery.
Discussion
CLI is debilitating condition resulting in severe impairments to
a patient’s quality of life.17 The prevalence of CLI is bound to
increase as the diabetic epidemic takes hold and society continues
to age. Without revascularization, major amputation and its asso-
ciated lifestyle consequences are inevitable. Over recent decades,
endovascular revascularization has proliferated with one of the
major attractions of such techniques being both the minimally
invasive nature as well as the repeatability of the approach. Despite
this, ILLB is still an important method of lower limb revasculari-
zation.4 Patient expectations mean that following intervention they
want to be pain free without amputation but also to live at home
and mobilize well. Assessment of post-intervention mobility/resi-
dential status and possible pre-operative predictors is therefore of
great importance but is something that is infrequently assessed.
What is plainly obvious is a lack of robust datawith regard to the
effect of angioplasty on a patients overall physical recovery. The
minimally invasive nature of the procedure is likely not to cause
deterioration in physical and residential status but continued data
with regard to its efﬁcacy from a social aspect needs to be included
in studies of endovascular intervention. Furthermore, the question
mark over the long term durability of endovascular procedures
means that long term maintenance of residential and mobility
status is likely to be a relevant longer tem end point for studies.s) Pre-operatively Mobility Post-operative Maintenance of Ambulation
Ambulatory Non-ambulatory
57 (88%) 8 (12%) 82.7%
Table 7
Table showing speciﬁc ﬂow of patients and crossover of patients with regard to
ambulatory status.5,8,9,15
Pre ILLB Mortality Post ILLB
Ambulant Non-ambulant
Ambulant 536 7 459 70
Non-ambulant 107 26 28 53
Table 6
Demographics and ambulatory status in a combined cohort of patients who had undergone either IILB or PTA.
Author Year N Male Age Surgical
interventions
PTA Target Outﬂow Vessel Pre-operatively Mobility Time at
Follow-up
(Months)
Post-operatively
Popliteal Tibial Pedal Ambulatory Non-
ambulatory
Ambulatory Non-
ambulatory
30 day
Mortality (%)
Flu5 2010 106 56 70 67 39 46 21 0 42 (40%) 64 (60%) 36 46 (43%) 32 (30%) 7.5
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approximately 75% of patients. The absence of/limited tissue loss,
younger patients and graft patency has been shown to be
a predictor of post-operative ambulation in some of the studies
reviewed. However, it is the predictors of poor post-operative
ambulation that require more in-depth analysis. The studies
reviewed showed that diabetes mellitus, loss of graft patency,
women, increasing age, cardiac failure and higher body mass index
were predictors of being non-ambulant in the post-operative
period.
Naturally, CLI is predominantly a disease of age and with it
comes the natural reduction in physical function. However, the
signiﬁcance of diabetes in post-operative function is of concern
giving the diabetic “epidemic” that is upon us. Measures required to
improve functional outcomes following ILLB are therefore likely to
multifactorial. Naturally, prevention of progression to CLI, tissue
and diabetic foot complications will be key.18 This is in part related
to patient and physician education with regard to the diabetic foot
but there may also be a role for more aggressive management of
patients with peripheral arterial disease be it symptomatic (inter-
mittent claudication) or asymptomatic. There is strong evidence
that patients with peripheral arterial disease (PAD) as determined
by a low ABPI have a long term decline in mobility irrespective of
symptoms and identiﬁcation of a PAD population in primary care
and instigation of measures to prevent such a decline in function
may be of beneﬁt.19,20 Identiﬁcation of PAD would allow appro-
priate patient education, including the signs and symptoms of CLI
to be disseminated.
However, a signiﬁcant proportion of patients are not diabetic
and at present PAD screening is not routinely undertaken. Focus
therefore needs to be directed to the CLI patient on the ward. What
cannot be teased wholly out of the data is exactly why there is
a failure to maintain/improve functional status in patients with CLI.
Often the CLI population is frail with limited lower limb muscle
function, poor nutritional status and lower limb strength and
limited pre-operative lower limb function due to ongoing pain/
tissue loss. This is exacerbated by a delay in presentation to vascular
care with the debilitating effects of severe ischaemia already
entrenched. Inherent deﬁciencies in the cardiorespiratory systemTable 8
Table showing speciﬁc ﬂow of patients and crossover of patients with regard to
residential status.8,9,15
Pre ILLB Mortality Post ILLB
Independent Assisted Dependent
Independent 342 7 230 78 25
Assisted 176 0 20 138 18
Dependent 19 0 0 0 19may also have a signiﬁcant effect on overall physical function.
Patient self-conﬁdence including symptoms of anxiety and
depression are well recognized in patients with peripheral arterial
disease and is likely to be linked to poor physical ability andmay be
exacerbated by a lack of return to pre-intervention living circum-
stances.21 These factors all require further in-depth prospective
analysis in the CLI population undergoing revascularization. There
will also be a subset of CLI patients with such severe medical
comorbidities, which include impaired ambulatory ability at
presentation, that the beneﬁts of revascularization seem to be
insigniﬁcant.22 Patients and surgeons must have realistic expecta-
tions and that the risks and often prolonged convalescence may not
lead to improved functional status. Certainly ILLB is likely not to
result in patients mobilizing if previously non-ambulant and is
unlikely to lead to independence in living status if previously
dependent.
This review obviously encompasses a heterogeneous set of
studies. The studies involve over two decades of patient care which
itself reﬂects a lack of available contemporary data. There are
marked differences in both age and mortality rates between the
studies as well as in subtle differences in deﬁnitions of mobility and
residential status. Geographical and subsequent healthcare differ-
encesmay also inﬂuence the results seenwithin this review. It does,
however, appear evident that there is a deﬁnitive need for more in-
depth investigation into factors that lead to and ways of improving
poorer outcomes with regard to mobility/residential status in this
increasingly prevalent group of patients.Conﬂict of Interest/Funding
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